Indian J Microbiol (Apr—June 2020) 60(2):167-174
https://doi.org/10.1007/s12088-019-00846-6

®

Check for
updates

ORIGINAL RESEARCH ARTICLE

Optimizing In vitro Culture Conditions for the Biotrophic Fungi
Exobasidium vexans Through Response Surface Methodology

Chayanika Chaliha' - Eeshan Kalita'

- Praveen K. Verma®

Received: 24 September 2019/ Accepted: 3 December 2019 /Published online: 10 December 2019

© Association of Microbiologists of India 2019

Abstract The blister blight disease caused by the fungus,
Exobasidium vexans has serious implications on the quality
of tea production. The disease however, has been poorly
studied and hence there is very limited information on the
pathogen and as such the pathogenesis of blister blight
infection. One of the major roadblocks in understanding E.
vexans is the obligate and biotrophic nature of the fungus
which limits the establishment and maintenance of in vitro
cultures. To address this issue, a Central Composite Design
based Response Surface Methodology (RSM) was adopted
to study the modification of three fungal culture media viz.
czapek dox, potato dextrose, and v8 juice, and the effect of
altered media composition on growth conditions and media
compositions were assessed. The response parameter for
the RSM experiments was the mycelial biomass produced
under different culture conditions. The uni and bi-para-
metric interactions among the experimental variables pro-
vided the basis for the statistically optimized conditions for
maximal fungal growth. The study thus presents the rec-
ommended modifications of existing media that can lead to
the successful establishment and maintenance of E. vexans
in vitro cultures.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s12088-019-00846-6) contains sup-
plementary material, which is available to authorized users.

< Eeshan Kalita
eeshankalita@gmail.com

Department of Molecular Biology and Biotechnology,
Tezpur University, Tezpur, Assam 784028, India

Plant Immunity Laboratory, National Institute of Plant
Genome Research, Aruna Asaf Ali Marg, New Delhi 110067,
India

Keywords Blister blight - Exobasidium vexans - Growth
media - Optimization - RSM

Introduction

Blister blight disease is regarded as a serious threat to
commercial tea production, pervasive in most of the major
tea-producing countries viz. India, China, Sri Lanka, Japan,
and Indonesia [1]. The causal organism, Exobasidium
vexans is an obligate, biotrophic basidiomycete fungus that
mainly infects harvestable tender leaves thereby directly
affecting the quality and production of the tea crop [2]. The
pathogen is not reported to have any host other than tea and
complete its life cycle within 21 days of infection [1, 3].
However, the detailed mechanism of the pathogenesis of E.
vexans remains to be elucidated. The E. vexans being an
obligate biotroph makes the establishment of its in vitro
cultures rather challenging. An existing report on the
in vitro culture of E. vexans indicates the probabilistic role
of natural supplements that may help to maintain the
in vitro cultures for a period of up to 48 h [4]. However,
long term viable cultures through a reproducible and sta-
tistically validated optimization have not been reported so
far.

In this context, three fungal culture media and their
modifications were extensively studied using a response
surface methodology (RSM) approach and were statisti-
cally optimized for establishing viable and long-term
in vitro cultures of E. vexans. The RSM approach was
chosen over the conventional single-variable method which
is unable to reflect the effects of variation of one process
parameter on the others and the interactions among the
parameters at any given point in time [5, 6].

@ Springer


http://orcid.org/0000-0002-1205-9347
https://doi.org/10.1007/s12088-019-00846-6
http://crossmark.crossref.org/dialog/?doi=10.1007/s12088-019-00846-6&amp;domain=pdf
https://doi.org/10.1007/s12088-019-00846-6

168

Indian J Microbiol (Apr-June 2020) 60(2):167-174

In the current study, E. vexans was isolated and its pure
culture was developed using the single spore culture.
Central Composite Design (CCD) of RSM has been applied
to obtain the optimized culture conditions for the param-
eters using three modified fungal culture media, viz. czapek
dox, potato dextrose, and v8 Juice medium. The growth
parameters considered in the study includes carbon source,
tea-leaf extract, calcium carbonate (CaCOs), initial pH of
broth and incubation temperature.

Material and Methods
Chemicals and Reagents

Czapek dox broth (Cat. no. M076), potato dextrose broth
(Cat. no. M403) and v8 juice broth (Cat. no. M895) were
purchased from Himedia Laboraties and sucrose
(C12H5,01 ), dextrose (CgH;20g), glucose (CgH 20¢) and
calcium carbonate (CaCO;) from Sigma-Aldrich, India.

Isolation and Study of Spore Morphology

Blister blight afflicted tea leaves were collected from
Ananda Tea Estate, Lakhimpur District, Assam, India and
infected parts of the tea leaves were excised using a cork
borer and followed by incubation in potato dextrose agar
(PDA) plates for germination of the spores. Post germi-
nation, the hyphal mass was sub-cultured in fresh PDA
petri dishes for another 5-7 days at 28 °C. A spore sus-
pension with a spore count ~ 10* spores ml~ ' was pre-
pared from the 7 day old sub cultures in sterile distilled
water and plated on fresh PDA plates. The plates were
examined for single germinating events, 12-24 h post-in-
cubation and the germinating spores were singly placed on
fresh PDA plates for growth at 28 °C. Basidiospores
formed from the germinating spores were examined for
their morphology by covering a defined area of the slide
with agar and placing a drop of the spore suspension on it.
These slides were then incubated for different time inter-
vals ranging from 0-8 h at 28 °C. Following this, the spore
germination stages for the above intervals were observed
under a light microscope at 40x magnification. The
dimensions of the spore were measured using the Image J
software.

Optimization of the Ideal Concentration of Media
Components and Culture Conditions

RSM using CCD was applied in order to determine the
ideal concentration/composition of media components
effective establishment of in vitro establishment of E.
vexans culture. For RSM the Design-Expert v7.0.0
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software (https://www.statease.com/, Stat-Ease, Inc Min-
neapolis, MN USA) was used to design the experiments
and to analyze the experimental results. The CCD was
based on five-level-five factors (5°) leading to 32 experi-
mental runs and the values of the response were obtained as
a mean of the triplicate runs. The five process parameters
used in the optimizations were the concentrations of sup-
plemented carbon sources, tea-leaf extract, CaCO5 (used
for the modification of the three basal media), pH and
incubation temperature. The tea-leaf extract was prepared
by crushing the requisite amount of tea leaves (0-30 g), as
per the CCD matrix, for each media in 100 ml of distilled
H,O to obtain the desired % (w/v) of the extract. The
boundary conditions for each parameter were designed
based on the preliminary studies and are depicted in
Table S1. The calculation of the optimal growth environ-
ment was based on a second order polynomial function
fitted using the following equation, to correlate the rela-
tionship between the mycelial weight, medium components
and growth conditions:

Y=b0+zn:bixi+zn:bnxi2+zn:§n: b;; X; X;
i=1 i=1

i=1i>j

where Y is the predicted response variable, by is the model
constant, b; is the linear co-efficient, b;; is the interaction
coefficients, b is the quadratic co-efficient and X; and X;
are the coded values. The significance of the model equa-
tion and model terms were evaluated by F test, while the
analysis of variance (ANOVA) was used to evaluate the
statistical significance of the model [7]. The quality of the
quadratic model equation was expressed by determining
the goodness of fit and the optimal values were obtained by
solving the regression equation and analyzing the response
surface plot.

Further, pareto analysis was computed to analyze the
sensitivity of the individual parameter on the response
variable within a design model. The following equation
was used for pareto computation to evaluate the relative
significance of individual factor

Pi= (B/ D B?) x 100(i #0)

where P; is the percentage influence of individual factor on
the response [8].

Results

Isolation and Study of Spore Morphology

Isolation of E. vexans was carried out from samples col-

lected from the Blister blight afflicted tea leaves in dif-
ferent locations of Ananda Tea Estate, Lakhimpur District,
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Assam, India (Fig. 1a, b). The light micrographs of fully
developed E. vexans basidiospores are shown in Fig. lc
which were ellipsoid to ovoid in shape and somewhat
curved, with slightly tapered ends. The average size of the
basidiospores was 10.07 £ 3.44 x 3.034 £ 1.00 um. The
different stages of basidiospore germination were exam-
ined for an incubation period of 0-8 h. The basidiospores
germinating on the agar surface, 4 h post-incubation were
seen to have the germ tubes emerging from either one or
both ends of the basidiospore (Fig. 1d, e). The basid-
iospores were aseptate during the initial stages of germi-
nation, which was followed by the appearance of 1-4
transverse septa during the later stages. This process of
septation and the emergence of germ tube from the
basidiospores precisely matches the detailed description of
the E. vexans basidiospore germination, reported by Gadd
and Loos [9]. Further, the hyphae observed after an incu-
bation period of 8 h appeared to differentiate further into
branches (Fig. 1f). The fungal colonization on the infected
tea leaves collected from blister blight effected tea plan-
tations was also studied using modified trypan blue staining
method [10]. Extensive colonization of the fungus was
observed on the infected leaf part with the presence of
appressorium formation (Fig. 1g—i). The molecular

Fig. 1 Dorsal (a) and ventral
(b) surfaces of blister blight
infected tea leaves (Ananda Tea
Estate, Lakhimpur, India). Light
micrographs of E. vexans
basidiospores at different phases
of germination on agar.
Basidiospores (c); basidiospores
with germ tube growth on single
end (d); basidiospores with
germ tube growth from both
ends (e); and hyphal growth of
E. vexans showing branching
(f). Extensive hyphal growth
observed on infected leaf part
(g-h) and appressorium
formation (i) (Scale: 10 um, gt
germ tube, br branching of
hyphae, hy hyphae, app
appresorium)

identification of the fungus was also carried out by devel-
oping ITS barcode which confirmed the isolate to be E.
vexans (Accession no. MN307382, data not shown).

Optimization of the Ideal Concentration of Media
Components and Culture Conditions

To optimize the culture conditions for the in vitro growth
of E. vexans, RSM experiments were conducted for the
CCD matrix with parameters used to modify the three
fungal culture media viz. czapek dox, potato dextrose, and
V8 juice. After incorporating the experimental value for
response of mycelial biomass, CCD matrix provided the
optimal culture conditions with five independent variables
for each of the media, in the form of statistically significant
fitted models. The fitted models had P values in the range
of < 0.0001 indicating their satisfactory confidence levels.
For all the three media an o value of 0.05 was used for the
analysis that corresponds to a confidence level of 95%. The
P values were found to be less than the o value for the
fitted models which rejects the null hypothesis and cor-
roborates the statistical significance of the fitted models for
all the three media. Further, the fitted models were found
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with high F values whereas the values for lack of fit, were
non-significant, reiterating the goodness of fit [11, 12].

Czapek Dox Medium

For the czapek dox broth medium, the variation of sucrose,
incubation temperature and tea-leaf extract in the media,
significantly influenced the response parameter, in the fitted
single factor interactions (Fig. 2a—c). The optimized con-
ditions for czapek dox broth medium showing the highest
mycelium growth were obtained for 6.0 g of carbon source,
15% w/v tea-leaf extract, and 0.4 g of CaCOj at pH 6.5 and
25 °C incubation temperature (Table S2).

The quadratic model, which was the best fitted model
for the czapex dox media was subjected to analysis of
variance (ANOVA) which resulted in the model determi-
nation coefficient R? = 0.94, indicating that 94% of the
variability can be described by the quadratic model
(Table S3) [6]. The R? value was therefore deemed as

significant goodness of fit. The predicted R? = 0.75 was in
reasonable agreement with the adjusted R? = 0.90,
demonstrating the accuracy of the model [13]. The ade-
quate precision of 17, which is far greater than the standard
precision value of 4, proving that the quadratic model can
be used to predict the response to change in culture
parameters, with high accuracy [14].

During the estimation of the response to alteration in
parameters, the P value < 0.05, indicates high significant,
whereas P value > 0.1, indicates that the variable is non-
significant [15]. For czapex dox, the variables, sucrose and
temperature, were found to be significant for the mycelial
production (Table S3). The quadratic terms AB, AD, BD,
CE, A2, B2 and D? were found to have a significant effect
on the growth of E. vexans (Table S3). The effects of
interaction among the significant variables were repre-
sented in the form of the single factor interaction plots
(Fig. 2a—c). The 3D plots and their corresponding contour
plots for the significant multi-variate interactions among
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Fig. 3 Effect of multivariate interactions: Response surface 3D plots and response surface contour plot described by the model for czapek dox

broth a-d and a’-d’ and v8 juice broth e-g and e¢/-g’ respectively

the parameters are shown in Fig. 3a-d and a'-d’
respectively.

For the single factor interactions, an increase in the
amount of sucrose/temperature in czapek dox results in the
increase in mycelial biomass (Fig. 2a, c). The tea-leaf
extract influences minor variations in mycelial yield, when
added within the boundary conditions to czapek dox
(Fig. 2b).

For the multivariate interactions, the 3D plots show the
influence of tea-leaf extract on the mycelial growth, when
in conjunction with either sucrose (Fig. 3a) or incubation
temperature (Fig. 3c). Sucrose, on the other hand, was also

able to influence the mycelial growth in association with
the incubation temperature (Fig. 3b). Further, the CaCO;5
concentration and pH of czapek dox bore significant
influence on the mycelial growth, wherein the pH 5.75 and
0.2 g of CaCO; showed the highest biomass accumulation
(Fig. 3d).

The corresponding contour plots for the aforementioned
3D plots (Fig. 3a-d) are represented in Fig. 3a’-d’. An
elliptical contour plot denotes that the interactions between
the corresponding variables are significant whereas a cir-
cular contour plot indicates that the interactions between
the corresponding variables are negligible [16]. The
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contour plots for the fitted models Fig. 3a’—d’ show an
elliptical nature, thereby establishing the significant inter-
actions between the variables. The interactions between
these variables can be expressed by the following second-
order polynomial model equation:

Mycelial biomass = +54.74842 — 0.98082 x Sucrose
— 1.10250 x Plant leaf extract
— 1.94222 x Initial pH — 1.03010
x Temperature — 32.87500 x CaCOs;
+ 0.011244 x Sucrose
x Plant leaf extract — 0.017067
x Sucrose x Temperature
4+ 0.017067 x Plant leaf extract
x Temperature + 5.11667
x Initial pH x CaCO;3; + 1.4513
x Sucrose® + 5.00171E — 003
x Plant leaf extract® 4+ 0.032615
x Temperature”

Potato Dextrose Medium

The CCD matrix based RSM for potato dextrose broth
medium (Table S4) show pH and temperature to be the
significant variables, among others, in influencing the
increased yield of mycelial biomass. The highest mycelial
growth was found for the condition with 3.0 g of carbon
source, 30% w/v of tea-leaf extract and 0.4 g of CaCOj; at
pH 6.5 and temperature 25 °C. The coefficient of deter-
mination, R? = 0.73, indicates a good agreement between
predicted and experimental values, with an adequate pre-
cision value of 10.93 (Table S5). Further, the ANOVA
shows that the predicted R* = 0.51 and adjusted R* = 0.62,
were in close proximity reflecting the model’s accuracy
[13]. The corresponding P value of < 0.05 for tea-leaf
extract, pH and temperature indicate that these variables
are significant factors for mycelium production. The single
factor interaction plots for these three factors are depicted
in Fig. 2d—f. Tea-leaf extract had a prominent effect on the
growth of E. vexans (Fig. 2d) where the amount of mycelial
biomass is directly proportional to % w/v of tea-leaf
extract. The optimal pH and temperature for the growth of
E. vexans in potato dextrose broth were found to be around
6.5 and 25 °C respectively (Fig. 2e, f). However, none of
the multivariate interactions between the variables were
significant for the growth of E. vexans, (P value of the
quadratic terms > 0.05) and therefore the 3D plots for the
same have not been shown. The influence of the variables
on potato dextrose broth can be expressed by the following
second-order polynomial model equation:
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Mycelial growth = —35.03157 + 0.24683 x Dextrose
+ 0.044889 x Tea — leaf Extract
+4.83519 x Initial pH + 1.27233
x Temperature + 2.70833 x CaCOs3
— 4.11667E — 003 x Dextrose?
— 0.38074 x Initial pH? — 0.024867
x Temperature — 2.79167 x CaCO3

V8 Juice Medium

The carbon source, media pH, incubation temperature and
CaCOj; were observed to be the most significant parameters
influencing mycelial growth response for the v8 juice
(Table S7). The highest mycelial growth was obtained for
0.35 g of carbon source, 7.5% w/v tea-leaf extract and 0.6 g
of CaCOs; at 5.75 pH and 27.5 °C temperature in the CCD
matrix (Table S6). The ANOVA with predicted R* = 0.62
and adjusted R? = 0.79, were in reasonable agreement with
each other, with an adequate precision value of 15.1
(Table S7). This provides an acceptable signal for using the
model to navigate the design space [13, 15]. The fitted
quadratic model had an R?=0.87 which is in good
agreement for a significant correlation between the pre-
dicted and observed responses [17]. Additionally, the
interaction between the terms BC, CD and DE were found
to be significant with a P Value of < 0.05 (Table S7).

The single factor interaction plots for glucose and
CaCOs indicates the proportionate accumulation of myce-
lial biomass in response to an increase in glucose and
CaCOj; concentrations in the v8 media (Fig. 2g, h). Fig-
ure 2i shows that lower broth pH favors the biomass
accumulation of E. vexans, with the boundary conditions
being set at pH 5.75. The 3D response surface plots and
their corresponding contour plots showing interactions
between the process parameters based on the fitted model
are depicted in Fig. 3e-g and e'-g’ respectively. The
interaction between tea-leaf extract and initial pH was
found to be significant with a P value = 0.003. (Fig. 3e,
Table S7). Further, the influence of temperature on the
growth of E. vexans was found to be significant while
interacting with the media pH and CaCOj; (Fig. 3f, g). The
elliptical contour plot corresponding to the 3D plot for the
fitted model (Fig. 3¢’-g) indicates significant interactions
between the process parameters [18]. The interactions of
the variables studied can be expressed by the following
second-order polynomial model equation:
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R1 = + 8.38335 — 2.24429 x Glucose — 0.21611
x Tea — leaf Extract 4 0.54000 X Initial pH
+ 0.12850 x Temperature — 24.81905 x CaCOj3
+ 1.30833 x Glucose x CaCO3; + 0.033667 x Tea
— leaf Extract x Initial pH — 0.071000 x Initial pH
x Temperature 4+ 0.97222 X Initial pH x CaCOs3
4+ 0.77167 x Temperature x CaCO3 + 0.34821
x Glucose” — 3.40873 x CaCO3

The pareto graphic analysis was performed to determine
the percentage effect of the most influential parameters
which were used to modify the three basal media as
described by the individual model equations. The squared
effect of sucrose and glucose was found to be the most
significant parameter for czapek dox and v8 juice media
respectively (Fig. 4a, c). For potato dextrose media tea leaf
extract was found to have the highest influence on the
response, mycelial biomass growth (Fig. 4b).

A normal probability for the czapex dox, potato dex-
trose, and v8 juice media was plotted to analyze the ade-
quacy of the models, and it examines the standard
deviation between the predicted and experimental respon-
ses (Fig. S1 a—c). The plots show an approximately linear
distribution of the data points, forming a straight line, for
all the three media and are in good agreement for normally
distributed residuals of the response [19].

Physical growth behaviour of E. vexans was evaluated
on czapex dox, potato dextrose, and v8 juice agar media
wherein the highest radial mycelial growth was observed
for czapek dox agar media with a colony diameter of 4 cm
after 7 days post incubation. This was followed by v8 juice
agar media with a colony diameter of 2.8 cm and 2.5 cm
for potato dextrose agar media (Fig. S2).

Discussion

Owing to the biotrophic nature of the blister blight causal
organism, E. vexans, this study mediated the optimization
of media components and growth conditions to support the
in vitro growth of the pathogen in the three modified basal
media. After the first report on E. vexans by Gadd and Loss
in 1948, Ezuka in 1955 reported in vitro growth of E.
vexans on home-made Potato Sucrose Agar (PSA). This
study supported the formation of Chlamydospore like
bodies after germination, in line with the work carried out
by Gadd and Loss in 1950. However, these studies report
detectable colony growth only after an incubation period of
20 days. In this context, the present study, addresses the
gap by optimizing the media components of three culture
media using CCD matrix of RSM to optimize the in vitro
growth of E. vexans. The highest mycelial biomass was
obtained for czapek dox media wherein the supplemented
sucrose was found to be the most influential parameter for
the growth, followed by the combined effect of pH, CaCO5
and tea leaf extract. For v8 juice media the glucose con-
centration was found to be the most significant component
for the growth of E. vexans. Under natural condition E.
vexans completes its life cycle only in Tea under specific
climatic conditions common to elevated regions. The
optimum temperature range of 25-28 °C for the in vitro
growth of E. vexans found in the study is in accordance
with the microclimate of low temperature and high
humidity that is known to favor blister blight infection in
tea plantation. It is interesting to note that visible mycelial
growth was observed 5 days post incubation and was found
to be viable for up to five weeks, before they needed to be
sub-cultured. Thus, the establishment of viable in vitro
culture of the pathogen would undeniably facilitate the
downstream molecular characterization of the pathogen to
understand its pathogenic mechanism and to design various
disease mitigation strategies including the development of
environment friendly fungicides.
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Conclusion

This study demonstrates the chemometric modelling of the
effect of the growth parameters carbon source, tea-leaf
extract, initial pH of broth, incubation temperature and
CaCOs3 on the in vitro growth of E. vexans for the three
different modified basal media czapek dox, potato dextrose
and v8 Juice. The influence of interaction among the media
components and growth conditions to mediate in vitro
growth of E. vexans was efficiently characterized and
explained using the CCD matrix. The significant parame-
ters differed for each of the modified basal growth media
with carbon source the most significant parameter for
czapek dox and v8 juice while tea leaf extract for potato
dextrose. The optimal temperature and pH range for the
in vitro growth of E. vexans was found to be 25-27 °C and
7-8 respectively. The optimization of media components
and growth conditions enabled visible mycelial growth
post 5 days of incubation and the viability of the culture
was upto four-five weeks on the modified basal media.
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